This study highlights the analysis of the morphological and genetic variation of the common sea bream Pagrus pagrus, and compares its two main areas of concentration: the northern (35ºS -38°S) and the southern areas (39°S -41°S) of the Buenos Aires coast of the Argentine Sea. Body shape characterization presented two significantly different morphotypes (Wilks' Lambda=0.224, P<0.001). Northern individuals displayed a higher middle area while southern ones were smaller and their caudal peduncle was shorter. The northern and southern areas did not yield significant genetic differences either with the control region or the microsatellite loci, revealing that P. pagrus is not genetically structured. However, individuals from these areas should not be managed as a single group since they display distinct life history traits, responsible for morphological differentiation. The presence of two spawning areas with distinctive characteristics would define two stocks of P. pagrus from the Buenos Aires coast.
Introduction
One of the main objectives in the field of fish conservation genetics is estimating the genetic structure of a population and defining units capable of maintaining evolutionary processes (Crandall et al., 2000; Palumbi, 2003; Manel et al., 2003; Laikre et al., 2005) . The population structure of marine fishes can be examined on many levels ranging from a small to a large scale (Hauser & Ward, 1998) , and analyzed from a genetic to a morphometric approach (Cadrin, 2000; Parsons et al., 2003) . The ability to identify units and the possibility of establishing genetic differentiation or discontinuity in nature depend on the species life history and ecology (Waples, 1998) . Physical barriers combined with oceanographic factors, such as currents, tides and biological factors, including local recruitment, larval transport potential, or reproductive strategy are the main variables that can affect fish population structure (Palumbi, 1994) . In terms of conservation, an Evolutionary Significant Unit (ESU) is primarily relevant for long-term management but, in the short term, a Management Unit or "stock" is understood as groups of individuals whose level of ecological and genetic connectivity is low enough. Hence each group must be individually monitored and managed (Ihssen et al., 1981; Laikre et al., 2005; Waldman, 2005; Palsboll et al., 2007) .
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The common sea bream Pagrus pagrus (Linnaeus, 1758) offers a good opportunity to study many of the factors related to population structure and genetic diversity. It is widely distributed along the Mediterranean and the western and eastern Atlantic Ocean (Ball, 2007; Cousseau & Perrotta, 2004) making up an important fishery resource (Aristizabal & Suárez, 2006) . Along the Buenos Aires coast (Argentinean Biogeographical Province), P. pagrus shows a preference for rocky bottoms. It lives at a depth between 10 and 50 m in two main concentration areas herein referred to as Northern Common Sea Bream (N-CSB), found between 35° and 38°S, and Southern Common Sea Bream (S-CSB), found between 39° and 41°S (Fig. 1 , Cousseau & Perrotta, 2004) .
These areas have distinctive characteristics, such as temperature, salinity, depth, dynamics and speed of ocean currents, among others, which define two different oceanographic regimes (Guerrero & Piola, 1997; Guerrero & Lasta, 1998; Acha et al., 2004) . In both systems, defined as "El Rincón" and "Río de la Plata" estuary ( Fig. 1 ), thermal and haline fronts affect the distribution of reproductive concentrations, nurseries and spawning areas of many coastal fish species (Militelli et al., 2007) . Additionally, regional differences regarding individuals size and weight have been observed, the S-CSB beinglarger than the N-CSB. Hence, it has been suggested that P. pagrus in both regions should be considered as different populations or stocks (Cotrina, 1989; Cousseau & Perrotta, 2004) .
For Pagrus pagrus, preliminary genetic studies have revealed deep divisions at a large scale: between eastern North Atlantic, western North Atlantic, and western South Atlantic populations (Ball et al., 2003 (Ball et al., , 2007 , but shown homogeneity within areas. On the other hand, significant morphological dissimilarities have been reported for P. pagrus along the Eastern Atlantic and the Mediterranean Sea as a direct consequence of environmental adaptation (Palma & Andrade, 2004) . At a local scale, significant morphological differences, generally related to environmental variations in stripped weakfish Cynoscion guatucupa and white mouth croaker Micropogonias furnieri (Sabadin et al., 2010; D'Anatro et al., 2011) have also been informed on the Buenos Aires coast of the Argentine Sea.
Like in any broadly distributed marine fish species that exhibit high dispersal, low levels of population differentiation are expected to be reported for Pagrus pagrus at the Southwestern Atlantic. However, the adaptive local traits of spawning areas which affect the morphological patterns may justify isolated management and the consideration of different fishery stocks. The purpose so this research was to study body shape variability between S-CSB and N-CSB through landmark-based geometric morphometrics. Likewise, in order to analyze the genetic structure, mitochondrial sequences and two microsatellite loci were assessed.
Fig. 1.
Map showing the study area and sampling sites. In the gray-shaded area, the distribution of Pagrus pagrus and the sampling sites both to the north (N-CSB) and to the south (S-CSB) of Buenos Aires coastal waters can be observed. The Patagonian coastal Current, which mainly move northward over the continental shelf, are represented with grey dashed arrows. Along the edge of the continental slope, the thick arrows represent the Malvinas Current that moves northward and meets the Brazil Current in the so-called Confluence Zone.
Material and Methods
For this study, both N-CSB and S-CSB P. pagrus were collected during August 2010. The N-CSB sample was obtained from a traditional fishing boat 52 km north from Mar del Plata city (37°00'2.73"S 55°56'58.54"W) at a depth between 27 and 30 m. The S-CSB sample came from a landing sampling (39°26'42.32"S 59°48'21.21"W) 365 km southwest from N-SCB (Fig. 1 ). Fish were grouped by sex, and gonadal stage was macroscopically determined (Cotrina & Christiansen, 1994) . They were weighed, and total length (TL) was measured using an ictiometer. A small sample of muscular tissue was dissected to conduct genetic studies. To avoid the influence of allometric effects, only adult individuals with size ranges similar in both samples were used: 25 to 33 cm (mean 28 ± 2.4) from N-CSB and 25 to 35 cm (mean 29 ± 3.4) from S-CSB.
DNA was extracted from all samples using the Chelex 100 resin method (Sambrook et al., 1989) , verifying its isolation and quality by electrophoresis in agarose gel (Estoup et al., 1996) . The amplification of a partial fragment of the mitochondrial control region of the P. pagrus was conducted with primers BES-1F and E (Ball et al., 2007) . The amplification conditions and the cycling program were described by Beheregaray & Sunnucks (2001) . The PCR product was purified and sent for sequencing to MACROGEN (Korea). Two microsatellite loci were used, PaGa2a and SauH98, marked with 6-Fam and Hex, respectively (Navarro et al., 2008) . The amplification reaction of each locus was performed in a final volume of 12.5 ml using the following components: 1.25 ml 10X PCR buffer (100mM Tris-HCl pH 8.3, 500mM KCl, 15mM MgCl2), 1ml dNTPs (10 mM), 1ml of each primer (0.04 mM), 1 ml BSA (0.8 mg/ml), 0.25ml Taq DNA polymerase (0.05 U/ml), 1 ml (10-40 ng) DNA, completing the final reaction volume with H 2 O (Navarro et al., 2008) . The amplification was conducted in line with the following program: an initial denaturation at 94°C for 10 min, 30 cycles 30 second long at 94 °C, 60°C for 1 min, 72°C for 1 minand 65°C for 20 min. After amplification, a 5 ml aliquot from each PCR sample was taken in order to perform a 2% agarose gel electrophoresis at 100 V for 45 min, visualized with ethidium bromide (10 mg/ ml) in an UV transilluminator to check microsatellite amplification. Each locus amplification product was sent to MACROGEN (Korea) for genotyping.
Sequences were manually aligned using PROSEQ (Filatov, 2002) . For each sampling site, haplotype (h) and nucleotide (p) diversity were estimated using DNAsp v5 (Librado & Rozas, 2009 ). The genetic structure was assessed using the Analysis of Molecular Variance in ARLEQUIN 3.11 (Excoffier et al., 2005) . The haplotype median-joining network was constructed using Network 4.6 (Bandelt et al., 1999) . The length of the microsatellite loci was calculated using Peak Scanner v1.0 (Applied Biosystems). The observed (Ho) and expected (He) heterozygosities, the number of alleles observed(A O ) and the effective number of alleles (A E ) were estimated by means of GenAlEx (Peakall & Smouse, 2006) . For both markers, F ST index between samples were estimated using the distance method in AMOVA with 10000 permutations in ARLEQUIN 3.11 (Excoffier et al., 2005) . The number of migrants per generation as an indirect estimator of gene flow was calculated by Nm = [(1 / Fst) -1] / 4 (Wright, 1949) . The posterior probability of the number of clusters (K=1, 2 or 3) was calculated with Bayesian tools in three runs using STRUCTURE (Pritchard et al., 2000) . The Ancestry model was used with default parameters and a burnin period of 100,000 and 1,000,000 (MCMC) simulations.
One of the most widely known methods applied to the analysis of body shape geometry is the one based on anatomical points or landmarks. In this way, only body shape is compared, excluding the effects of size, position, orientation and scale (Richtsmeier et al., 2002; Parsons et al., 2003; Adams et al., 2004) .
A total of 113 specimens (59: 24 males/35 females from N-CSB and 54: 21 males/33 females from S-CSB) were sampled. They were placed on their right side on a white surface with their fins extended in order to take pictures. A digital camera (Sony cyber-shot DSC-W30), placed on a firm support to keep a right angle and height, was used. Thirteen landmarks were taken into account (Fig. 2) . From each picture, a digital TPS (Thin-plane spline) file was generated with X and Y coordinates for each homologous point through Tps Dig V 2.16 (Rohlf & Marcus, 1993) . Landmark coordinates were adjusted using a generalized least squares procrustes superimposition. Procrustes of the mean landmark configuration were computed in conjunction with translation adjustments, scaling, and rotation in order to remove shape unrelated data. Then a consensus form comprising the mean coordinates for each landmark averaged across all specimens was estimated, which deformed and warped shape based on the consensus configuration of each specimen and assessed their partial warps through Relative Warps v.1.44 (Rohlf, 1994) . The scores of the partial warp containing more shape information than those of the linear trusses were transformed into relative warp scores and saved as a data file (Bookstein, 1991) . All the morphometric software (TPSdig2, TPSRelw, TPSRegr, TPSUtil) used are available from http://life.bio.sunysb. edu/morph. The coordinated data were transformed and grouped by sample and sex using PAST (Hammer et al., 2001 ). Subsequently, a multivariate analysis of variance (MANOVA) was conducted between sexes within each area and among individuals between areas. Moreover, shape description variation was obtained through a principal component analysis (PCA) and the three first principal components were represented in a3D Scatter plot using STATISTICA 7. (1) anterior tip of the snout, (2) dorsal surface of the head at the nearest point to the eye globe, (3) origin of the dorsal fin, (4) 8th ray of the dorsal fin, (5) 16th ray of the dorsal fin, (6) posterior end of the dorsal fin, (7) dorsal origin of the caudal fin, (8) ventral origin of the caudal fin, (9) insertion of the anal fin, (10) origin of the anal fin, (11) insertion of the pelvic fin, (12) origin of the pelvic fin, (13) posterior insertion of the sub-operculum.
Results
A 398 bp fragment of mitochondrial DNA from the control region of 10 N-CSB samples and 13 S-CSB samples was amplified, and 34 variable sites and 18 different haplotypes were observed. Haplotype and nucleotide diversity were slightly higher for N-CBS (h= 1.000 ±0.002, p =0.02 ±0.002) than for S-CSB (h= 0.936 ±0.05, p=0.011 ±0.001); and no significant genetic differences between N-CSB and S-CSB(F ST = 0.025, p= 0.186) were observed. Variability was greater within samples (97 %) than between them (Table 1 ). The haplotype median-joining network (Fig. 3 ) displayed 10 haplotypes for N-CSB and 9 for S-CSB. From these haplotypes, just one (haplotype 4) was shared by both areas (and shared by one individual from N-CSB and three from S-CSB), two haplotypes of S-CSB were shared by two individuals (H15 and H17), and the remaining fifteen individuals were represented by unique haplotypes.
Both microsatellite loci met Hardy-Weinberg equilibrium in N-CSB (exact tests: Locus PaGa2a: p= 0.923, Locus SauH98: p= 0.097) and in S-CSB (PaGa2a: p= 0.224, LocusSauH98: p= 0.093), and exhibited high variability: PaGa2a locus showed 16 alleles for N-CSB and 17 for S-CSB, while SauH98 locus showed 5 alleles in both samples (Table 2 , Fig. 4 ). AMOVA revealed that there was no significant genetic structure since the greatest variability was found within samples rather than between them (Table  1) . In this regard, the genetic differentiation index between N-CSB and S-CSB was very low and not significant (F ST = 0.007, p= 0.079). The number of migrants (Nm) between N-CSB and S-CSB was estimated at 35. The STRUCTURE confirmed the absence of population genetic structure, since the number of different clusters (k) in P. pagrus from the Buenos Aires coast yielded the most positive values of maximum posterior probability for K= 1 (Fig. 5) . Fig. 3 . The haplotype median-joining network of Pagrus pagrus for both N-CSB (Black) and S-CSB (Grey). The size of the circle is proportional to the frequency, and the distance between circles reflects the number of mutations. Regarding the body shape analysis, MANOVA yielded marginally significant differences between males and females within N-CSB: Wilks' Lambda= 0. 422, F (22:30) = 1.865, p= 0.056, and no significant differences in S-CSB: Wilks' Lambda= 0.470, F (22:31) = 1.592, p= 0.115. On the other hand, highly significant differences were obtained when comparing between samples: N-CSB vs. S-CSB, Wilks' Lambda= 0. 224, F (22:90) = 14.210, p= 1.31 -20 . The analysis of the main components indicated that the first three components explained 56% of the total variance (PC1: 25%, PC2: 17%, PC3: 14%). Landmark displacement from consensus between N-CSB and S-CSB involved mainly landmarks 1, 3, 4, 5, 7, 8, 11, and 12 . These warps describe local shape variations by displaying the non-uniform local deformations that the shape undergoes with respect to the reference configuration. The differences between S-CSB and N-CSB are clearly revealed in a 3D-PCA scatter plot together with the relative warps configurations (Fig. 6 ). This analysis helped to clearly define two morphotypes: N-CSB, as compared to S-CSB, presented differences in the height of the jaw joint insertion, greater body height, and shorter peduncle length. 
Discussion
The population structure comparison of Pagrus pagrus between samples from Río de la Plata (N-SCB) and El Rincón (S-SCB) indicate different scenarios for both genetic and morphological variation. The data reveal that Pagrus pagrus did not show significant genetic differences in the control region (F ST = 0.025) nor in the microsatellite loci (F ST = 0.007) from Northern and Southern samples from the Buenos Aires coast. Variations within sites were greater than between them, so it could be as certained that P. pagrus from the Buenos Aires coast is not genetically structured. As postulated by Ball et al. (2007) , P. pagrus does not display any degree of genetic structure in the same regions of several different oceans. This absence of geographic variation could be explained by the high migration rate at adult and/or larval stages. Despite the fact that adult P. pagrus is considered a relatively sedentary fish (Parker, 1990 ) the genetic homogenization between both areas over time could be attributed to larval dispersion by coastal currents. In this sense, the western branch of Malvinas Current helps form the Patagonian Coastal Current which moves northwards over the continental shelf and transfers cold sub-Antarctic waters of low salinity due to the addition of continental waters. Moreover, during spring and summer, prevailing northeastern winds affect the discharge from the Río de la Plata and push the plume with a South-Southwestern direction also related to the warm Brazil Current which enters the system from the north and meets the Malvinas Current in the so-called Confluence Zone about 38ºS (Piola & Rivas, 1997; Piola & Matano, 2001 , Fig. 1 ). Several dynamic factors such as river discharge volume, coastal currents and surface wind may or may not act as a barrier to the displacement of the larvae and establishment of different populations. Despite the lack of clear evidence regarding coastal current dynamics along the coast of South America affecting P. pagrus, previous studies on other species have suggested the role of ocean currents in modeling the genetic structure by promoting specific local larval retention (Benevides et al., 2014) .
This genetic homogeneity could suggest the existence of only one genetic unit for Pagrus pagrus between the areas from the Buenos Aires coast. Similar results were found for the genetic population structure of Micropogonias furnieri (Pereira et al., 2009 ) and of C. guatucupa (Sabadin et al., 2010; Fernandez Iriarte et al., 2011) .
The morphological analysis of body shape yielded significant differences between N-CSB and S-CSB for Pagrus pagrus. Phenotypic dissimilarity was found regarding body height and caudal peduncle height and length. These variation patterns could reflect phenotypic plasticity due to genetic differences or simply the "morphological drift" effect. Despite the fact that phenotypic differences do not provide direct evidence of genetic isolation, they can indicate the prolonged separation of post larval fish in different environmental regimes (Campana et al., 1995) .
The "Río de La Plata" estuary and "El Rincon" constitute multispecific nursery and feeding areas since internal water recirculation in both zones favors larval retention (Acha et al., 2004; Militelli et al., 2007) . The presence of two different spawning areas for P. pagrus could affect early stages of development (different inflection points during larva ontogeny) and be responsible for morphological differentiation of adult individuals.
In previous studies, Palma & Andrade (2004) documented significant morphological differences for P. pagrus between the eastern Atlantic Ocean and the Mediterranean. Emphasis was placed on the great body plasticity and related the differences found to the presence of oceanographic fronts. A similar variation pattern was observed for C. guatucupa from the Buenos Aires coast (Sabadin et al., 2010) .
For instance, genetic homogeneity was observed for P. pagrus in the Northwestern Atlantic; however, the areas within this region should not be managed as a single group since they display different life history traits (Ball et al., 2007) . For Pagrus aurata from the Australian west coastline, three stocks were recognized based on reproductive dynamic differences (growth, egg and larval retention), related to different breeding areas and hydrodynamic models (Jackson, 2007) . Larval and adult dispersion patterns under the influence of tides were identified, maintaining a panmictic population (Sumpton et al., 2008) .
In this respect, taking into account Pagrus pagrus management in Buenos Aires coastline, N-CSB and S-CSB samples would be considered as the same genetic unit; however, they could be regarded as two different stocks based on their phenotypic differences. These morphological differences suggest that the genetic homogeneity encountered in nearby areas does not imply that they should be considered as the same stock. Correlations between character variation and environmental patterns may be related to survival and reproductive fitness of natural populations (Conover & Schultz, 1995 Swain et al., 2005) . These fitness differences, together with the local adaptation processes, would justify stocks acknowledgment (Palumbi, 1994; Cadrin, 2000; Crandall et al., 2000) .
Teleost morphotype seems to be flexible enough, and so the morphological structure does not need to be equally limited in different habitats. Conversely, each characteristic body shape takes advantage of the aquatic environment on the basis of its morphology and ecology.
